Different synthetic approaches to fluorescent 3,4-dihydro-2H-pyrrole 1-oxide aldonitrones that are of potential interest as spin traps are discussed.
Introduction
Aldonitrones based on pyrroline N-oxide derivatives (type A, scheme 1) are widely used as spin traps of short-living radicals in biological systems 1, 2, 3 that permits the determination of both the concentration and a structure of these radicals by the analysis of ESR of spin adducts of type B formed (scheme 1). This method possesses some obvious limitations. Different types of radicals react with nitrones with different rates, 4 and spin adducts formed have different lifetime and the main route of their transformation is bio-reduction to the hydroxylamines (type C, scheme 1). Thereby, the concentration of the spin adduct may be insufficient for the ESR spectrum registration and its interpretation. Furthermore, signals in spectra can broaden due to high solution viscosity or presence of dissolved oxygen, etc., hindering the interpretation of the spectra observed. Further reaction of 5a,b with ethylene glycol in the presence of catalytic amount of TsOH gives 1,3-dioxolanes 6a,b. Reduction of nitro group in 6a by zinc dust in water-ethanol solution in the presence of NH4Cl unexpectedly leads to 4-(1,3-dioxolan-2-yl)-2-(naphthalen-1-yl)butanenitrile 7a instead of the desired hydroxylamine. Probably, the reason of this transformation is the presence of electron withdrawing cyano group, that stabilize anionproduct of elimination reaction of initially formed anion-radical -product of one-electron reduction. Hereby, in this case elimination of anion-radical is faster than its protonation (Scheme 4).
Scheme 4.
Supposed mechanism of 7a formation.
Thus, we failed to insert the fluorescent fragment into a molecule that may be a precursor of desired heterocycle and the next step of our work was the attempts of introducing of fluorescent moiety using reactivity of functional groups already presented in suitable heterocycle.
We succeed to insert fluorescent moiety into the aldonitrone molecule with the use of 2-(ethoxycarbonyl)-2-methyl-3,4-dihydro-2H-pyrrole 1-oxide (EMPO) 1 8 as starting material. Commercially available compound 8 nowadays is used as a spin trap that readily reacts with superoxide radical. 12 We found that reaction of 8 with excess of ethylenediamine (Scheme 5) gives aminoamide 9 and further reaction of 9 with 2,4-dinitrofluorobenzene or 5-(dimethylamino)naphthalene-1-sulfonyl chloride (dansyl chloride) in the presence of triethylamine yields 10a and 10b respectively.
Scheme 5. Synthesis of 10a-b from EMPO.
Nitrone 8 could be very promising precursor for fluorescent spin traps, since variation of fluorescent moiety on the last step of synthesis allows to produce spin traps with different physical and chemical properties. Limitations of this approach are high commercial value of 8 and its limited availability.
Another way of introduction of the fluorescent moiety is the synthetic sequence including reaction of nitrones with appropriate organometallic compounds followed by oxidation of hydroxylamines formed into nitrones. This method was previously widely used in the synthesis of pyrrolidine (proxyl) nitroxides. 13, 14 Reaction of benzylmagnesium chloride as a model reagent with nitrone 11 leads to hydroxylamine 12a, which was oxidized without purification by manganese dioxide into nitrone 13a (Scheme 6). Similarly, nitrone 13b was obtained by reaction of (naphthalen-1-ylmethyl)magnesium chloride with nitrone 11. Addition of naphthalen-1-ylmagnesium bromide to nitrone 11 did not proceed probably due to steric hindrance. In this case cross-metallation of methyl group in the position 5 of heterocycle seems to proceed with further self-condensation products formation. When 14a-c reacted with methyllithium in the THF -ether solution hydroxylamines 15a-c were formed. They were oxidized without isolation in individual form into nitrones 16a-c.
When 14a-b were hydrogenated at atmospheric pressure in the presence of Pd/C catalyst, nitrones 18a-b were formed along with pyrrolines 17a-b as a by-products. Further treatment of analysis formation of ethyl 2-nitro-2-(naphthalene-1-yl)acetate didn't proceed. The main product of reaction was ethyl 2-hydroxy-2-(naphthalene-1-yl)acetate. In the 1 
4-(1,3-Dioxolan-2-yl)-2-(naphthalen-1-yl)-2-nitrobutanenitrile (6a).
A mixture of 5a (1.0 g, 3.63 mmol), ethylene glycol (0.24 mL, 4.37 mmol), TsOH (0.006 g, 0.034 mmol) and benzene (1.2 mL) was refluxed with Dean-Stark apparatus until the end of water separation (about 3.5 hours). Then the reaction mixture was diluted by benzene (5mL) and washed consequentially by sodium hydrocarbonate saturated solution (2  5 mL) and water (2  5mL). Combined organic extract was dried with MgSO4, and the solvent was removed under reduced pressure. + .
4-(1,3-Dioxolan-2-yl)-2-(naphthalen-1-yl)butanenitrile (7a).
To a cooled stirred mixture of 6a (0.574 g, 1.84 mmol), NH4Cl (0.108 g, 2.02 mmol), EtOH (6 mL) and water (6mL) zinc dust (0.499 g, 7.67 mmol) was added by small portion maintaining the temperature at 10 C. After the addition of zinc, cooling was removed and mixture was vigorously stirred for 2 hours at room temperature. The precipitate was filtered off and washed with methanol (3  4 mL). The filtrate was concentrated in vacuo and the residue was diluted with water (5 mL) and extracted by chloroform (4  5 mL). Combined organic extract was dried with MgSO4 and the solvent was removed under reduced pressure. The residue was purified by chromatography with a mixture of (6)), 24.9 (C(2)), 30.5 (C (7) 87 mmol) in anhydrous ether (1.5 mL) was added. The reaction mixture was stirred for 0.7 hours at room temperature and the excess of Grignard reagent was decomposed by addition of saturated ammonium chloride solution (10 mL). Ether solution was separated and water layer was extracted with ether (5  20 mL). Combined organic phases were dried with MgSO4 and a solvent was removed under reduced pressure. The residue was dissolved in chloroform (30 mL) and manganese dioxide (0.5 g) was added. The resulting mixture was stirred for 3.5 hours at room temperature, manganese dioxide was filtered off and washed with chloroform (40 mL). The filtrate was concentrated in vacuo, and the residue was purified by chromatography with a mixture of chloroform -methanol (50:1) as eluent. Pale yellow crystals, yield 1.1 g (64%); mp 82 -84 ºC (from hexane); IR (νmax, cm 
2,4,4-Trimethyl-2-(naphthalen-1-ylmethyl)-3,4-dihydro-2H-pyrrole 1-oxide 13b
was synthesized according to the procedure described for 13a from magnesium (0.236 g, 9.84 mmol), 1-chloromethylnaphthalene (1.76 g, 9.50 mmol) and 11 (1. (E)-3,3-Dimethyl-5-(2-(naphthalen-1-yl)vinyl)-3,4-dihydro-2H-pyrrole 1-oxide 14a . To a stirring solution of sodium methylate (0.85 g, 15.75 mmol) in anhydrous methanol (7.5 mL) compound 11 (1.0 g, 7.87 mmol) and 1-naphthaldehyde (1.84 g, 11.81 mmol) were added. Resulting mixture was refluxed for 3.5 hours and cooled. The reaction mixture was diluted with water (10 mL) and extracted with chloroform (3  20 mL). Combined organic extract was dried with MgSO4 and the solvent was removed under reduced pressure. The residue was purified by chromatography with a mixture of chloroform -methanol (50:1) 5-(2-(4-Methoxynaphthalen-1-yl)vinyl)-3,3-dimethyl-3,4 -dihydro-2H-pyrrole 1-oxide 14b was synthesized according to the procedure described for 14a from 4-methoxy-1-naphthaldehyde (2.2 g, 11.81 mmol) and 11 (1.0 5-(2-(Anthracen-9-yl)vinyl)-3,3-dimethyl-3,4-dihydro-2H-pyrrole 1-oxide 14c was synthesized according to the procedure described for 14a from anthracene-9-carbaldehyde (2.43 g, 11.81 mmol) and 11 (1. 0 g, 7.87 mmol) 2 mmol) in anhydrous ether (9 mL), a solution of 14a (0.9 g, 3.4 mmol) in anhydrous THF (3 mL) was added. The resulting mixture was stirred for 2 hours at room temperature. The excess of methyllithium was decomposed by addition of water (10 mL). Ether solution was separated and water layer was extracted with chloroform (3  20 mL). Combined organic phases were dried with MgSO4 and the solvent was removed under reduced pressure. The product was precipitated by addition of ether to residue, filtered off and dried. 75 mmol) in anhydrous THF (15 mL) was added dropwise. A resulted mixture was stirred for 2 hours at room temperature, then an excess of methyllithium was decomposed by addition of water (10 mL). Ether solution was separated and water layer was extracted with chloroform (4  20 mL). Combined organic phases were dried with MgSO4 and the solvent was removed under reduced pressure. The residue was dissolved in chloroform (30 mL) and manganese dioxide (0.2 g) was added. The resulting mixture was stirred for 1 hour at room temperature, then manganese dioxide was filtered off and washed with chloroform (40 mL). Filtrate was concentrated in vacuo, and the product was purified by chromatography with a mixture of chloroform -methanol (50:1) as eluent. 2-(2-(Anthracen-9-yl)vinyl)-2,4,4-trimethyl-3,4-dihydro-2H-pyrrole 1-oxide 16c was synthesized according to the procedure, described for 16b from 14c (1.40g, 4.75 mmol). Yellow
